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W E: By dy SMHAE-F% ik (Gas chromatograph-mass spectrometry, GC-MS)[R]B Bl & Nz H 12
Tl — E 24 22 50056 (dioxin-like polychlorinated biphenyls, DL-PCBs)AJ/ 5. B3E RS R MER
QuEChERS J7i%, ZNEl-IECHE(1:2, V:V)E B PSR, FRILAL 2 BERR KA I N-IN 5L 2 iR G v Ak e
1k, H Agilent HP-5MS (434170 1, GC-MS M2 1 W IBHE AT GE, SMRikER. G558 12 F DL-PCBs
TE 5~500 pg/L JL N HA BAFRILIER R, MERE r KT 0.999, ik R A 0.5~0.8 ng/kg, @R
¥k 5 ng/kg, 7E 5. 10, 100 pg/kg WIIACE -2 T3 88.6%~115.0%, AHXIFRHEM 22/NF 6.5%(n=5)
S50 1%y AR A B T, W FTE AR D, RS A AR RAK, & A IR B E N 12 Fp
DL-PCBs.
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Determination of dioxin-like polychlorinated biphenyls in wheat by gas
chromatography-mass spectrometry

YANG Dai-Feng, LIU Teng-F ei, LU Hao-Qian, MAO Jian, QIAN Hui, ZHAO Jia-Xin

(Jiangsu Taihu Area Institute of Agricultural Sciences, Suzhou 215155, China)

ABSTRACT: Objective To establish a simple and rapid method for the simultaneous determination of 12 dioxin-like
polychlorinated biphenyls (DL-PCBs) in wheat by gas chromatography-mass spectrometry (GC-MS). Methods The
wheat samples were ultrasonically extracted with acetone-hexane (1:2, V:V). Subsequently, the extract was
cleaned-up by using carboxylated multi-walled carbon nanotubes and primary secondary amine as adsorbents
according to the method of QUEChERS. Then, the DL-PCBs in the extract were separated on an Agilent HP-5MS
capillary column, detected by GC-MS using selected ion monitoring mode, and quantified by external standard
method. Results Good linear relationships for all the analytes were observed in the concentration range of 5-500
ug/L with correlation coefficients more than 0.995. The limits of detection and the limits of quantification were
0.5-0.8 pg/kg and 5 pg/kg, respectively, the recoveries were ranged from 88.6% to 115.0% for the analytes with 3
spiked levels of 5, 10 and 100 pg/kg, and the relative standard deviations were less than 6.5% (n=5). Conclusion
The proposed method is simple, accurate, solvent saving and without special instrument sensitive, which is suitable
for detecting DL-PCBs in wheat.
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1 51 &

% 5 I 7K (polychlorinated biphenyls, PCBs)f&&—2& A
TA BRI AT b &0, HoA BN Ey s,
BTSN C AR Z4E, HHEALHE, K. KK
B S AT 2 AR AE R, O AT B S i —Fh 4
ERVETS Y. N T ARG PCBs 245 209 i, Moy 12 4
FR R FEMEVE FIALE 5 B, BERR O RS
Bl 2K (dioxin-like polychlorinated biphenyls, DL-PCBs), £k
4 AN AESEALEC Y PCBS(PCB77 .PCB81,PCB126 . PCB169)
F1 8 A BALR LA HU Y PCBS(PCB105, PCB114, PCBI118,
PCB123, PCB156., PCB157. PCB167., PCB189), DL-PCBs
AL R A TOR, AEARAEREA B K fa %
PEFAL IR I W A2 5 (9 DL-PCBs 75 4432 3 [/ 432
Sl

N R R RN FEREEYZ —, W TH
ARk P BERNER), LT 2 A R R R R R LA
BEENL, HEEMN, ENIMVNEFEYZBIAFRE R
PCBs 75" 131 s xd /A2 o PCBs Wi, o fd Ak
fRREHATEEE L., HATH/NEZ T PCBs R 77 kA
FE L R b UL B OR R ROM 3 - 5 O (gas
chromatograph-mass spectrometry, GC-MS)! 21 4 4,33
- HF- il 3R A6 I 4% 25 (gas  chromatograph-electron capture
detector, GC-ECD)!*"PLgkA 4l . Hirp, GC-MS BEHER &
PEERE, T HAEAEXHME T, ZME PCBs & Mk,
R i 20 4 B AR il A0 kU W A RE A 4R
B 1 32 B h 2R FR R OGR U 2R s v 70 AL B, i
PR 22 R A AR A BGE 2L Tk 24 B
FEZRBSI] . EAEAER, FEFIETERRNE RS,
K AR it 2, A FHET B . QuEChERS(quick, easy,
cheap, effective, rugged and safe) e T4 A& P & i i —Fi
I RCRE AT AL IR R, BRI PR SR e &
Trapibas, B TR . B e, ERY
LRGN L ARAS T B R N AR ST AN Ry
Bixi%, 5T QuEChERS PHETALFEE A, FIH GC-MS
AT A A PR 2 /N FZ 12 b DL-PCBs (PCBSI .
PCB77. PCBI123., PCB118, PCB114, PCB105. PCB126,
PCB167. PCB 156, PCB157, PCB169, PCBI189) ik
AT ARG bR R AR, /N 12 Fp
DL-PCBs [ [ml B kil 4245 T ol 47 ¥ o

2 MH5EREE

21 NEE5RF
7890B-5977A S A - I (35 [ L HEAR 2N A );
KQ-500DE i 5 i 5 Ve (R 1L 7 LA 28 FD)

12 fl DL-PCBs & #% % W (PCB81 . PCB77.
PCBI123, PCBI118, PCB114, PCB105, PCB126, PCB167,
PCB156, PCB157., PCB169. PCBI189) (fi f ¥ & A 2 mg/L,
% AccuStandard 2 &) ); & 5 b £ BE ik 90 ok &

(carboxylated multi-walled carbon nanotubes, MWCNTs-
COOH), N-N3:Z — ¥ (primary secondary amine, PSA)(Fg

FUREDORMBRHECA R A F); IEC ke (Eadal, i MRk
WRRAFD; NEH . B 07K NaySO4. JE7K MgSO,(43Hr
g, FigEZEER).
22 ZEWHE
221 ARBEEREAF

WU R 2 mg/L B9 12 # DL-PCBs R4 FRifE
W 1 mL T 2 mL AT, MECKEE, HH K
1 mg/L WTR-AFRERE A, 4 °CIRAE (N BUH I 2 %R
Ja, MECKE B MR, Bifl a5, 10, 50, 100,
500 pg/L WY FIARIE TARE I

s F/NERR S, HA5 28 AW, AR EIR T,
JIA 1.0 mL AN 5 it ik BE 19 L3RV bR v T ARV R A,
i 0.22 pm AHLIEME, BCH BT EWEE R 5. 10, 50, 100,
500 pg/kg FYFEEBTVCECARE TAER K
222 HonaraE

(Vi &

INFEW B Y KA, MR 40 B, R
TRAF

(2)FEH

FREL 2 g(KE % 0.01 g)/NEIRFHET 50 mL B4,
JIA 1 g Jo7K NaySO, A 10 mL I ER-1E 2 %E(1:2, V:V), RS
JEBFEEEE 15 min (MR HREE 2 1K), 8000 r/min B5.0»
4 min, I 5 mL FiEREFHIEAE S, H S mL BRI
I EA, TRk,

34k

M R AL PN A 0.01 ¢ MWCNTs-COOH .
0.13 g PSA 1 0.1 g Jo7k MgSO,, ¥} 2 min, 9000 r/min 7%
> 5 min, B EEWAWGET, MA 1.0 mL IECLE, RAE
i 0.22 um JEME, .
223 AMEE-REEN

(DS g

ZEEE HP-5MS BAEHE(30 mx0.25 mm, 0.25 pm);
HHETREE 250 °C; #HA M 4AAR, WiE 1.2 mL/min;
Ay, HEREE 1.0 L, SAHEIEFERT: 80 °CLE
¥ 2 min, 20 °C/min FHEZE 180 °C, {£+F 2 min, 3 °C/min
FHEZ 230 °C, {#4% 2 min, 10 °C/min JHE = 280 °C, f#
¥ 2 min,

Q)FTi 51

BT BFREGEBEEEL BEEEE 70V, B
FURIREE 280 °C, PUMAFEE R 150 °C, £ HRE
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280 °C, EFILER 5 min; FAMH L EIFE THIE
K

3 HZREDM

3.1 &M

M4 12 Ff DL-PCBs BOAEMPERE &, BEFRZ A 554
P o ARAE G A9 HP-5SMS B4 x HOR A AR A I T4
Br, It O HERE TR | B ORI AR Y, WA
5 D) B 15 S5 5 BE T 4B L, B e 2.2.3" 5 M
TR E AR SR T, FIH GC-MS Xt 500 pg/L
) 12 F' DL-PCBs & IR E TARIE BRI T 2R 0.
P B AR, I NISTIEER R, #iE S 1L am
PRERII], FEAEFIBRE U5 MBS R b, R e L R
= NI 9 i o7 Al O R 1 - o S A - ) S BB el
FE AT

12 Fl* DL-PCBs MR FE AT A] . 8 M it 8 - S H 2
I 1,
3.2 EIRCIBRHML
32,1 REEMHMAC

OFBEAE AL

DL-PCBs Mttt A1, ANEFK, H AT
JRBE, FHIE CBErE D SR IO 7] AR, i AGE XY H 1Y)
P R 3G IRTRE i 2 i, A B R S R IOSCR . R
AR, 7210 pg/kg ARAKET, PARICR SRR,
ZERTIECKE . WE-1ECKE:1, V:V). TNER-1E S kE(1:2,
V:V) 3 FRIGA I 12 F' DL-PCBs (Y4RBUKCE, [l

¥

UL 1o MR H, 3 R I b AP - 1 Ot
(1:2, V:V)%} 12 ' DL-PCBs HI4RBUSCR e, ik qe
90.4%~99.6% 2 [f] . ik, WEHENE-IECK(1:2, V:VIFER
PR

@I A Ak

TE 10 pg/kg MARAKSET, LABICR R, HAT AR
[EI4R I [E] % 12 Ff DL-PCBs ORI E, kS LK 2,
MEIFR AT LUE Y, Bl BB [B] A3 0, 12 Al DL-PCBs ¥
AT 32 T K o L ERAF [R] 24 15 min Al 20 min B, [
FAYHIH 93.1%~103.7%H1 97.4%~107.3%, 436 24T Hy
BR o AR R R, $EE A AL, SRR Ay
15 min,
322 HEHEA

KM QuEChERS H{ARVHEAE b, I 4 PRI 2H AT
W50, ] MWCNTs-COOH 1 PSA 1 Ry 43tk 7,
MWCNTs-COOH Fi T LBr/NEEFTH @ E . AR Y)I,
PSA H T EBREEFTHIRIRZE Y BT, B S mL 25 [/
BUR, A 20 uL B 12 # DL-PCBs HIR-SFrERS &, £
A TR BB B MWCNTs-COOH(0.01 . 0.02 . 0.03 g) Al
PSA(0.13., 0.14, 0.15 g)¥tfb, LRI HE ORI H AR ROCR
SEEG 7R, MWCNTs-COOH JH ¥ %4347 47 121 0 2 114 5 il A
K, BHARA 0.01 g i, EBOEFQER, ECR N
98.7%~114.1%. PSA FHXT /M i) IR R, Bl
IR Ec 2 R (R 3), YN 0.13 g
i, TR R 2R 93.4%~106.4%, it AT E K
I, #EF MWCNTs-COOH F1 PSA HIHEAIN 0.01 ¢
F10.13 g,

#*1 127 DL-PCBs fWREBETE], ENEEBFREMEMNTE
Table 1 Retention times, qualitative and quantitative ions and relative abundances of 12 DL-PCBs
s iazg7| £ B2 B [i2) /min TETER T (miz) FRELL/% E BT (mlz)
1 PCBS8l1 18.44 292,220,110 100.0:39.6:15.0 292
2 PCB77 18.91 292,220,110 100.0:42.9:12.6 292
3 PCB123 20.06 326,254,127 100.0:39.7:11.3 326
4 PCBI118 20.18 326,254,127 100.0:34.8:10.4 326
5 PCBI114 20.71 326,254,127 100.0:45.9:11.9 326
6 PCBI105 21.46 326,254,127 100.0:35.7:13.5 326
7 PCBI126 23.13 326,254,127 100.0:30.4:12.9 326
8 PCB167 24.17 360,290,145 100.0:37.8:15.5 360
9 PCBI156 25.32 360,290,145 100.0:34.2:14.7 360
10 PCBI157 25.62 360,290,145 100.0:45.3:17.3 360
11 PCB169 27.47 360,290,145 100.0:40.3:16.5 360
12 PCB189 29.42 394,324,162 100.0:50.3:22.8 394
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Effect of different extraction solvents on recoveries of 12 DL-PCBs spiked in wheat (n
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33 ERMMN S

A3 BB 2.2.1 H i A4 J5 S DG B v T AR VA SRR
B T AR TR T 5, A J5R D e s of 2 R 5 i
TR 26 R B o B0, M (Bl 0.9~1.1 B,
SEFRRKN 0] 205 M HER T 1.1 8T 0.9 B, RIIELE
ST AR RO SO T, R U AR A . 45 R
7R (3 2), 12l DL-PCBs [} % HLETE 1.002~1.052 Z [7],
FETRON AN B . Hik, 7ESChRke kil d, EHEER A4l
VA5 7R T S o VA VA T
34 FHELGMTEE. RHREREER

ST 1) 1 9 00 b o ARV, AR AR T AR AR A
HEAFIZE o 12 Fp DL-PCBs £ 5~500 pg/L i [l Y HH 56 5
B(NITE 0.999 LU b, etk i BRAMC R B ER 2. 785
P15 S5 b S S [ R 52 % b o YR AT A A R A

WE, DARRAE 2 F ik i i {5 e LU (SIN) = 3 B 7 10
K H B (limits of detection, LOD), LA S/N=10 H [l
T A2 B SR B /N AR Wk B O 8 B PR (limit of quantify
cation, LOQ), Z5HR L 2,
3.5 [EEREZEXE

PAZS /N RS, HE 5. 10 A1 100 pg/kg 3 MAKET
AT IOAR RS, FEANESIACER 5 AT, A miAs ]
R R AR AR RS, S5 W3k 2. 12 A DL-PCBs 973
FI A 88.6%~115.0%, HH X 45 i i 2 (relative standard
deviations, RSD) N 1.6%~6.5%, B JrfaEn 5,

3.5 LPRtERINE

JHIAR T35 X 224 i 8 T Oy 32 1) /N 22 Rl EA T AL N, 82
AR DN B A

F2 127 DL-PCB &M 7572, HXRH. RHR@LODs), TERMLOQs), HERME. MAREYERKIEZE (n=5)
Table 2 Linear equations, correlation coefficients, LODs, LOQs, spiking recoveries and accuracy of 12 DL-PCBs (n=5)

5 ng/kg 10 pg/kg 100 pg/kg
fean AIEITRE ek (ko) i&j
- Bl  RSD [  RSD EIEE  RSD
1% 1% 1% 1% 1% 1%
PCB81  Y=1.24x10°%-9.62x10'  0.9999 0.5 5 1.042 88.6 3.0 1088 22 112.6 6.5
PCB77  Y=1.26x10°%X-2.04x10>  0.9999 0.5 5 1.002 92.9 5.8 110.9 1.9 114.4 6.3
PCBI23  Y=1.10x10°X-2.31x10°>  0.9998 0.5 5 1.016 96.5 43 113.1 3.1 115.0 6.3
PCB118  Y=1.14x10°X-2.58x10>  0.9998 0.5 5 1.002 94.7 6.1 1066 3.4 108.4 6.2
PCB114  Y=1.07x10°%-3.14x10>  0.9997 0.5 5 1.023 95.5 55 109.5 22 112.8 5.8
PCB105  Y=1.09x10°X+8.34x10°  1.0000 0.5 5 1.027 93.7 47 1084 24 1103 6.1
PCBI26  Y=1.09x10°X-1.27x10*>  0.9999 0.6 5 1.037 94.9 5.7 106.1 32 1142 5.0
PCB167  Y=9.10x10°X-1.60x10'  0.9999 0.6 5 1.034 95.5 5.0 1092 33 111.7 6.0
PCB156  Y=8.77x10*X+4.38x10'  1.0000 0.7 5 1.052 95.8 3.4 1083 2.8 112.6 6.0
PCB157  Y=8.72x10*X-1.55x10>  1.0000 0.7 5 1.002 94.8 25 1077 33 1112 6.3
PCB169  Y=8.92x10*X-1.33x10>  1.0000 0.8 5 1.032 98.8 3.9 108.8 1.8 1103 6.1
PCBI89  Y=6.98x10*X-9.59x10'  0.9999 0.7 5 1.037 1034 2.8 1125 1.6 113.8 6.1
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A58 R L QuEChERS Jr i by i b ¥ F B,

FNL T GC-MS P . fErf M E/NEZH 12 Flh DL-PCBs
M J7¥E . 12 Ff DL-PCBs £ 5~500 pg/L 76 [l Y HA B 17y
LMERR, MRRE r HRT 0.999. FHikryE SN
88.6%~115.0%, RSD /N T 6.5% (n=5), LOD 4 0.5~0.8 pg/kg,
LOQ ¥4 5 pg/ke, HABUTAIMERRE | RS2 BRI R BUE .

ZIT IR AT AL BT B, T FITEAED, SR A A ERAIK,
& T /N2 12 # DL-PCBs [a] B35 .

£ 3CHk

(1]

(4]

Crinnion WIJ. Polychlorinated biphenyls: persistent pollutants with
immunological, neurological, and endocrinological consequences [J].
Altern Med Rev, 2011, 16(1): 5-13.

Kim L, Jeon JW, Son JY, et al. Concentration and distribution of
polychlorinated biphenyls in rice paddy soils [J]. Appl Biol Chem, 2017,
60(2): 191-196.

Su XF, Feng JL, Guo LY, et al. Polychlorinated biphenyls in the Yellow
River of Henan section: occurrence, composition, and impact factors [J].
Environ Sci Pollut R, 2018, 25(14): 13479—-13488.

BRK, @R, HEE, F. OG-8 T B RS AT
RAWRYIh 12 R 2B D]. TR, 2017, 33(6):
817-821.

Ma LF, Gao LH, Lei CN, et al. Gas chromatography-ion trap tandem mass
spectrometry for the determination of 12 kinds of polychlorinated
biphenyls in atmospheric particulate matter [J]. J Anal Sci, 2017, 33(6):
817-821.

kL, B2, SRARL, SF INZRIRGE DS A LA 2 S 2 SR Y
FEE KRB PN [T]. 7KL, 2019, 15(3): 1-13.

Du J, Huang H, Zhang HW, et al. Pollution characteristics and risk
assessment of organochlorine pesticides and polychlorinated biphenyls in
shellfish from Shandong coastal area [J]. South Chin Fish Sci, 2019, 15(3):
1-13.

XNIE, FeIFLL, MRELBE, 4. S EIE 2 IR A S Rk I T kT
[7]. AT, 2011, 6(4): 337-344.

Liu H, Nie FH, Lin HY, et al. Review on reproductive toxicity of
dioxin-like polychlorinated biphenyls [J]. Asian J Ecotox, 2011, 6(4):
337-344.

Li JG, Zhang L, Wu YN, et al. A national survey of polychlorinated
dioxins, furans (PCDD/Fs) and dioxin-like polychlorinated biphenyls
(dl-PCBs) in human milk in China [J]. Chemosphere, 2009, 75(9):

1236-1242.

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Song Y, Wu NX, Han JL, et al. Levels of PCDD/Fs and DL-PCBs in
selected foods and estimated dietary intake for the local residents of
Luqgiao and Yuhang in Zhejiang China [J]. Chemosphere, 2011, 85(3):
329-334.

Adu-Kumi S, Kawano M, Shiki Y, et al. Organochlorine pesticides (OCPs),
dioxin-like  polychlorinated biphenyls (dI-PCBs), polychlorinated
dibenzo-p-dioxins and polychlorinated dibenzo furans (PCDD/Fs) in
edible fish from Lake Volta, Lake Bosumtwi and Weija Lake in Ghana [J].
Chemosphere, 2010, 81(6): 675-684.

Trocino A, Xiccato G, Majolini D, et al. Levels of dioxin-like
polychlorinated biphenyls (DL-PCBs) and metals in european sea bass
from fish farms in Italy [J]. Food Chem, 2012, 134(1): 333-338.

Witczak A, Abdel-Gawad H. Comparison of organochlorine pesticides and
polychlorinated biphenyls residues in vegetables, grain and soil from
organic and conventional farming in Poland [J]. J Environ Sci Heal B,
2012, 47: 343-354.

Mahmood A, Syed JH, Malik RN, et al. Polychlorinated biphenyls (PCBs)
in air, soil, and cereal crops along the two tributaries of river Chenab,
Pakistan: concentrations, distribution, and screening level risk assessment
[J]. Sci Total Environ, 2014, 481: 596—604.

BEifE 4, IR, KB ASE #HL-GPC #+k-GC/ECD #ll & /&
o LSRR R 2 AR [T]. I AR R e BAERR, 2011,
46(1): 11-15.

Xue HQ, Cui ZJ, Du SY. Determination of organochlorine pesticides and
polychlorinated biphenyls in wheat by gas chromatography with
accelerated solvent extraction and gel permeation chromatography cleanup
[J]. J Shandong Univ (Nat Sci Ed), 2011, 46(1): 11-15.

FEIE, YN, #0%, 5. Uik QUECKERS-AH i E 734
FAAPLEMZEWRTR R[], TLARLEE, 2017, 45(21): 219-222.
Lv AJ, Shen XM, Cai XH, et al. Determination of organochlorine and
polychlorinated ~ biphenyls  residues in cereals by optimized
QuEChERS-gas chromatography [J]. Jiangsu Agric Sci, 2017, 45(21):
219-222.

WAE, 1438, S, S5 EA R ZE R AOM k&

HLEARZGIZ AR, B0 MK, 2013, 32(3): 487-494.

e /LiEe]

Yang JJ, Tong L, Wu SQ, et al. Determination of organochlorine
pesticides and polychlorinated biphenyls in grains using gas
chromatography with accelerated solvent extraction [J]. Rock Min
Anal, 2013, 32(3): 487-494.

GB 5009.190-2014 £y e FEZARME £ iR 2 SR & Y

TZELS].

GB 5009.190-2014 National food safety standard-Determination of

indicative polychlorinated biphenyls in food [S].



5517 3

BRI, 45 SAH - BRI /N i RS 2 IOk 6215

[17] XUEK, B UR, BT, 45 AR AN A IO (- BT R 2%

e 18 2 EICRI]. @i, 2018, 36(10): 94-103.

Liu TF, Yang DF, Zhang XM, et al. Determination of 18 polychlorinated
biphenyls in tea by gas chromatography-mass spectrometry coupled with
dispersive solid-phase extraction [J]. Chin J Chromatogr, 2018, 36(10):
94-103.

Ui T4

fEZ /T

BREA, fRE, TEMRAFEAAE
mEE.
E-mail: saasydf@163.com

XX, MBHRER, TERARAE
AEREE.
E-mail: bbliutengfei@163.com



